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SUMMARY 
Pitch frequency is one of the most important voice 
characteristics, and its accurate extraction is important not 
only in speech analysis and synthesis, but also in s戸ech
coding, spe民h recognition, speaker recognition, and the 
like. Existing methods of improving extraction accuracy 
include wavefonn processing, correlative processing, and 
spectral processing. This paper describes出e use of a neural 
network to extract pitch from voice features delivered from 
the bandpass filter pairs (BPFPs) proposed by Fonda et al. 
Three types of multi-layered neutral networks able to learn 
time-continuity and high accuracy discrimination functions 
and have a recuπ·ent structure are tested. The cross-coupling 
multi-layered neural network with feedback architecture 
gives the best improvement over conventional neural net­
works, and exhibits superior ability for learning time con­
tinuity of pitch and UN information. 。 1997 Scripta 
Technica, Inc. Electron Comm Jpn Pt 3, 80(9): 48-58, 1997 
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1. Introduction
Pitch frequency is one of the most important basic 
parameters of the voice. Accurate extraction of the voice 
pitch is not limited to speech analysis and synthesis sys­
terns, but it is also a fundamental and important subject 
matter for speech coding, speech recognition, speaker rec­
ognition, and so on. Typical pitch extraction methods that 
hitherto have been investigated to improve the accuracy 
include those based on wave form processing, correlative 
processing, and spectral processing, but a decisive method 
has not yet been established [12]. 
Recently, several pitch extraction methods using neu­
ral networks (NNs) have been reported [2-6]. In this papeれ
using an NN proposed here, we extract the pitch from the 
voice features delivered through the use of bandpass filter 
pairs (BPFPs) proposed by Funada et al. [7]. 
We teach pitch extraction and unvoiced/voiced (UN) 
detection functions to thr芭e types of the multi-layered NNs 
that 釘e able to learn time-continuity and high-accuracy 
discrimination functions, and that have a recuηent structure 
with feedback loops from the output layer and cross-cou­
pling paths within each hidden layer, and we compare their 
detectability.官1e experimental results showed clearly that 
the cross-coupling multi-layered NN with feedback archi-
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